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0 Optical fibre cables. 



© An optical fibre cable comprises an inner sheath (3) containing at least one optical fibre member (1 ,2). and 
an outer sheath (5) containing the inner sheath (3). The inner sheath (3) is of a material which is soft and has a 
low modulus of elasticity. The outer sheath (5) of a material having bulk properties, such as density and 
stiffness, and surface properties, such as surface texture and friction such that the cable can be propelled along 
a duct by a flow of air travelling along the duct. 

An intermediate sheath (4) may be provided between the inner and outer sheaths (3, 5). 
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OPTICAL FIBRE CABLES 



This invention relates to optical fibre cables. 

EP-A-1 08590* describes a method of installing an optical fibre cable in which the cable is propelled 
along a previously installed duct by fluid drag of a gaseous medium, preferably air, blown along the duct In 
the desired direction of cable advance. EP-A-1 08590 describes a number of designs of cables for 

5 installation using the method of the invention (hereinafter referred to as the "blown fibre method"), but 
preferred cable designs for use in the blown fibre method are described in EP-A-1 57610, The designs of 
EP-A-1 57610 use an inner sheath, containing one or more optical fibre, and an outer sheath containing the 
inner sheath. The outer sheath is of a material having a low density, for example a foam, and it is this which 
reduces the overall density of the cable to a value sufficiently low for It to be blown satisfactorily. 

w An object of the present invention is to provide an improved design of optical fibre cable which can be 
installed using the blown fibre method. 

According to the present invention there is provided an optical fibre cable comprising an inner sheath 
containing at least one optical fibre, and an outer sheath containing the inner sheath, the inner sheath being 
of a material which is soft and has a low modulus of elasticity, and the outer sheath having bulk and surface 

is properties such that the cable can be propelled along a duct by air blown along the duct 

An intermediate layer may be provided between the inner and outer sheaths, with the intermediate layer 
being chosen to provide, for example, additional mechanical strength and/or environmental protection for 
the fibres. 

An embodiment of the present invention is shown in cross-section in the accompanying drawing, which 
20 is not to scale. 

The drawing shows a cable comprising a plurality of optical fibres 1 made, for example, of silica. In the 
illustrated embodiment four such fibres are shown, but there could be more or less as described. Each fibre 
is surrounded by a protective coating 2, for example of a UV-cured acrylate resin. Typically each fibre 1 
has a diameter of 125 microns and the thickness of the coating 2 is such as to bring the overall diameter of 

25 the fibre 1 plus coating 2 up to about 250 microns. A fibre 1 plus its coating 2 is referred to as a fibre 
member in the following description. 

The fibre members are surrounded by an inner sheath 3 of a material which is. soft and has a low 
modulus of elasticity. The sheath 3 may, for example, be formed of acrylate or thermoplastic rubber. An 
intermediate layer 4 surrounds the sheath 3. The layer 4 is preferably of a material which is hard and has a 

30 high modulus of elasticity, so as to confer mechanical protection on the soft sheath 3 and the fibre 
members which the sheath contains. If desired, the intermediate layer 4 could be chosen to be of a material 
having a low permeability of moisture vapour and good resistance to chemical attack, so as to provide 
environmental protection for the sheath 3 and the fibre members. 

The intermediate layer 4 is surrounded by an outer sheath 5 of a material, for example, a foam, having 

35 a low density, e.g. 0.6. Examples of materials which could be used for this purpose are foamed 
polyethylene and foamed acrylate, the latter having the advantage of a lower coefficient of thermal 
expansion. The bulk andsurface properties of the sheath 5 are such that it can be blown satisfactorily in ttie 
blown fibre method. By "bulk properties" we refer primarily to density and stiffness, and by "surface 
properties" we refer primarily to surface texture and friction. Typically the sheath 5 may have a low density. 

40 Typically, the outer diameter of the sheath 3 is 0.8 mm, that of the layer 4 is 1.0mm and that of the sheath 

5 is 1.7mm. These dimensions are appropriate for a four-fibre cable, but would of course vary for cables 
having more or less than four fibres. 

Reverting to the inner sheath 3, it will be seen that this contacts substantially the whole exterior surface 
of the fibre members, except for the interior space 6 defined between the fibre members. If, as would be 

45 convenient the sheath 3 were applied to the fibre members by an extrusion process it would be difficult to 
fill the space 6 with the sheath material. It is conceivable, however, that some other method might be used 
for application of the sheath 3, in which case the space 6 might also be filled with sheath material, for 
example to resist longitudinal penetration of liquid and gaseous media and to support substantially all of the 
surface area of the fibre members, thus improving stability. 

so Since the inner sheath 3 is formed of a material which has a low modulus of elasticity it serves to 
distribute any stresses arising within the cable in a reasonably uniform fashion, particularly where the space 

6 is also filled. This contrasts with the preferred design disclosed in EP-A-1 57610 -where there is an inner 
sheath formed of a material of high modulus of elasticity which holds the fibre members tightly together 
along lines of contact. Although the material of the sheath 3 has a low modulus of elasticity, allowing elastic 
Reformation of the structure, it is nevertheless adequate to retain its structural integrity through manufactur- 
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ing and installation operations. The uniform distribution of stresses and large area of contact of the soft 
inner layer reduces stress at the interface with the fibres, thus reducing the risk of microbending, either 
during processing or in service. This is of particular vialue where the cable is liable to be subject to wide 
variations in temperatures, since such temperature variations give rise to forces which are liable to cause 
increased attenuation in the optical fibres. Desirably, the material of the sheath 3 has a coefficient of 
thermal expansion as close as possible to that of silica, so as to reduce stress on the fibre from changes in 
temperature. However, the low modulus of elasticity of the material renders it less important than it would 
otherwise be to select a material for the sheath 3 having a particular coefficient of thermal expansion. 

The material and application process for sheath 3 are preferably such as to avoid strong adhesion to 
the fibres. This, combined with its softness allows H to be removed easily from around the fibre members 
when preparing the cable for connection to external connectors or when the individual fibre members have 
to be routed separately from one another. 

Various modifications are possible to the embodiment shown in the drawing. As already mentioned, the 
intermediate layer 4 may be omitted, and this layer may not be required if the sheaths 3 and 5 by 
themselves provide adequate protection for the fibre members. In another modification, an all-piastic fibre 
may be used in place of an aery late-coated silica fibre. 

The following table sets out by way of example, some properties for the materials of which the cable 
may be made. 
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Hardness 


Modulus of elasticity 


Thermal coefficient 




(Shore scale) 


(Young's modulus) 


of expansion 


Fibre 1 




Z.SxIO^N/mm 2 


4x1(T7/'C 


Acrylate 2 






6x10-V'C 


Sheath 3 

v'c 


40A-60A 


<100N/mm 2 


<3x1(T 


Layer 4 


>75D 


>900N/mm 2 


< 1.1x10-*/'C 


Sheath 5 




c.100N/mm 2 


2 xio-Vcr 


Sheath 5 




c.100N/mm 2 


5 x icr 5 /" c- 



" Sheath of foamed polyethylene 
m Sheath of foamed acrylate 



In the foregoing reference has been made to a cable as being blowable. It is believed that it will be 
understood by those skilled in the art whether a given cable is or is not to be regarded as blowable. 
However, one test which can be employed is as follows. A 50m length of duct having a circular internal 
cross-section 4.0mm in diameter is wound in a single layer around the outside of a cylindrical drum 0.75m 
in diameter. A 50m length of cable to be tested is then inserted completely into the duct by any suitable 
method, which may, but need not. be a blowing method. 

An air flow of 20 standard litres/minute is then established down the duct The time taken for the cable 
to emerge completely from the downstream end of the duct is recorded, if this fails to occur, or does so in 
a time greater than a pre-set time, the cable is regarded as not being blowable. The pre-set time may be as 
long as 1 hour, but is preferably not more than 10 minutes, more preferably not more than 5 minutes, and 
still more preferably not more than 1 minute. A cable which is highly blowable may emerge in as little as 20 
seconds. For the purposes of the test the static coefficient of friction between the cable and the duct is 
taken to be 0.15. If in fact the coefficient of friction is different an appropriate modification is made to the 
times quoted above. 

The above test is designed for a cable as shown in Figure 1 . Appropriate modifications would be made 
for cables of other designs. 
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Claims 



1 . An optical fibre cable comprising an inner sheath containing at least one optical fibre member, and 
an outer sheath containing the inner sheath, the inner sheath being of a material which is soft and has a low 

5 modulus of elasticity, and the outer sheath being of a material having bulk and surface properties such that 

the cable can be propelled along a duct by a flow of air travelling along the duct * 

2. A cable according to claim 1. comprising an intermediate sheath between the inner and outer 

sheaths. * 

3. A cable according to claim 2, wherein the intermediate sheath is of a material which is hard and has 
ro a high modulus of elasticity. 

4. A cable according to claim 2 or 3. wherein the intermediate sheath is of a material which has a low 
permeability to moisture vapour and good resistance to chemical attack. 

5. A cable according to any preceding claim, wherein the inner sheath contacts the or each fibre 
member over at least a substantial portion of its exterior surface. 

75 6. A cable according to claim 5. wherein there is plurality of optical fibre members so arranged as to 
create at least one interstice between them, and the material of the inner sheath at least substantially fills 
the or each interstice. 

7. A cable according to any preceding claim, wherein the or each optical fibre member comprises a 
silica fibre surrounded by a protective coating. 
20 8. A cable according to any preceding claim, having values for hardness, modulus of elasticity and 
thermal coefficient of expansion selected in accordance with the preceding Table. 

9. A cable according to any preceding claim, wherein the outer sheath is of a material having a low 
density. 
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In the foregoing reference has been made to a cable as being blowable. The following test is used to de- 
termine whether a cable is "blowable" within the meaning of the present invention. A 50m length of duct having 
a circular internal cross-section 4.0mm in diameter is wound in a single layer around the outside of a cylindrical 
drum 0.75m in diameter. A 50m length of cable to be tested is then inserted completely into the duct by any 

5 suitable method, which may, but need not, be a blowing method. An air flow of 20 standard litres/minute is then 
established down the duct The time taken for the cable to emerge completely from the downstream end of 
the duct is recorded. If this fails to occur, or does so in a time greater than a pre-set time of 1 hour, the cable 
is regarded as not being blowable. The cable preferably emerges completely in not more than 1 0 minutes, more 
preferably not more than 5 minutes, and still more preferably not more than 1 minute. A cable which is highly 

10 blowable may emerge in as little as 20 seconds. For the purposes of the test the static coefficient of friction 
between the cable and the duct is taken to be 0.15. If in fact the coefficient of friction is different an appropriate 
modification is made to the times quoted above. 

The above test is designed for a cable as shown in Figure 1. Appropriate modifications would be made for 
cables of other designs. 

15 

Claims 

1. An optical fibre cable comprising an inner sheath (3) containing at least one coated optical fibre member 
20 (1,2), and an outer sheath containing the inner sheath, the outer sheath (5) being of a material having 

bulk and surface properties such that the cable is blowable along a previously installed duct by fluid dray 
of a gaseous medium as determined by a test in which: 

(a) a 50 m length of duct having a circular internal cross-section 4.0 mm in diameter is wound in a single 
layer around the outside of a cylindrical drum 0.75 m in diameter, the static coefficient of friction be- 

25 tween the cable and the duct being 0.15; 

(b) a 50 m length of the cable is inserted completely into the duct by any suitable method; 

(c) an airflow of 20 standard litres/minute is established down the duct; and 

(d) the time taken for the cable to emerge completely from the downstream end of the duct is recorded, 
the cable being regarded as blowable if the said time is not greater than 1 hour, the internal cross- 

30 section of the duct and the airflow being appropriately modified from the values of 4.0mm and 20 stan- 

dard litres/minute respectively if the diameter of the cable differs from 1.7mm., 
characterized in that the inner sheath (3) is of a material which has a Shore hardness of not more than 
60A and has a modulus of elasticity of less than 1 0OMPa. 

35 2. A cable according to claim 1 , wherein the outer sheath (5) is in direct contact with the inner sheath (3). 

3. A cable according to claim 1 , comprising an intermediate sheath (4) between the inner and outer sheaths. 

4. A cable according to claim 3, wherein the intermediate sheath (4) is of a material which is hard and has 
^ a high modulus of elasticity. 

5. A cable according to claim 3 or 4, wherein the intermediate sheath (4) is of a material which has a low 
permeability to moisture vapour and good resistance to chemical attack. 

6. A cable according to any preceding claim, wherein the inner sheath (4) contacts the or each fibre member 
45 (1 ,2) over at least a substantial portion of its exterior surface. 

7. A cable according to claim 6, wherein there is plurality of optical fibre members (1,2) so arranged as to 
create at least one interstice between them, and the material of the inner sheath (3) at least substantially 
fills the or each interstice. 

50 

8. A cable according to any preceding claim, wherein the or each optical fibre member (1,2) comprises a 
silica fibre (1) surrounded by a protective coating (2). 

9. A cable according to any preceding claim, having values for hardness, modulus of elasticity and thermal 
« coefficient of expansion selected from the following Table: 
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Hardness 

(Shore 

scale) 



Fibre (1) 

Protective 
coating (2) 

Inner 

sheatn (3) 40A - 60A 



Inter- 
mediate 
sheath 
(4) 



Modulus of 
elasticity 
(Young's 
modulus) 



7.3 x lO'N/mnr 



<100N/mm- 



> 75D 



Outer 
sheath (5) 



Thermal 
coefficient 
of expansion 



4 x 10- 7 /°C 
6 x 10- S /°C 
<3 X ID" 1 / °C 

< 1. 1x10-7 °C 



>900N/mm 2 
c.lOON/mm 2 

1 0. A cable according to any preceding claim, wherein the outer sheath (5) is of a material having a low density. 



PatentansprQche 

1 . Optisches Faserkabel, das umfa&t eine innere Hulle (3), die mindestens ein beschichtetes optisches Fa- 
30 serelement (1 , 2) enthalt, und eine auBere Hulle (5), welche die innere Huile enthSIt, wobei die Sufieren 

Hulle (5) aus einem Material mitsolchen Bulk- und Oberflacheneigenschaften ist da& das Kabel entlang 
einer vorher installierten Rohrleitung durch einen Fluidstrom aus einem gasformigen Medium blasbar ist 
bestimmt nach einem Test, bei dem 

a) ein 50 m-Stuck einer Rohrleitung mit einem kreisformigen inneren Querschnitt von 4,0 mm im Durch- 
35 messer in Form einer einzelnen Schicht urn die Au&enseite einer zylindrischen Trommel mit einem 

Durchmesser von 0,75 m gewickelt wild, wobei der statische Reibungskoeffizient zwischen dem Kabel 
und der Rohrleitung 0,15 betragt 

b) ein 50 m-Stuck des Kabels nach irgendeinem geeigneten Verfahren vollstandig in die Rohrleitung 
eingefuhrtwird; 

40 c) ein Luftstrom aus 20 Standard-Litern/min in der Rohrleitung nach unten erzeugt wird; und 

d) die Zeit die das Kabel braucht urn aus dem stromabwarts gelegenen Ende der Rohrleitung voll- 
standig auszut reten, aufgezeichnet wird, wobei das Kabel ais blasbar angesehen wird, wenn diese Zeit 
nicht mehr ais 1 h betragt, wobei der innere Querschnitt der Rohrleitung und der Luftstrom in geeig- 
neter Weise modif iziertwerden gegenuberden Werten von4,0 mm bzw. 20 Standard-Utern/min, wenn 

45 der Durchmesser des Kabels von 1 ,7 mm verschieden ist, dadurch gekennzeichnet, da& die innere Hul- 

le (3) aus einem Material besteht, das eine Shore-Harte von nicht mehr ais 60A und einen Elastizit3ts- 
modul von weniger ais 100 MPa hat. 

2- Kabel nach Anspruch 1, bei dem die SuBere Hulle (5) in direktem Kontakt mit der inneren HGIIe (3) stehL 

50 

3. Kabei nach Anspruch 1 , das zwischen der inneren HOIIe und der au&eren Hulle eine dazwischen liegende 
Hulle (4) aufweist 

4. Kabel nach Anspruch 3, bei dem die mittlere HQIle (4) aus einem Material besteht, das hart ist und einen 
hohen Elastizitatsmodul hat 

55 

5. Kabel nach Anspruch 3 Oder 4, bei dem die mittlere Hulle (4) aus einem Material besteht, das eine geringe 
DurchlSssigkelt fur Feuchtigkeitsdampf und eine gute Bestandigkeit gegen chemischen Angriff hat 
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